In the context of sustainable development, the environmental aspects of urban areas are taken into account by correlating them with their energy consumption. The purpose of this research is to collect and analyze the energy consumption data due to the transport in Belgium, and more precisely in the Liege province. But, also to make forecasts of these same consumptions to the horizon 2030e2050. The methodology chosen allow to model and improve the energy consumption for city-wide transports and to forecast the evolution of city energy consumption to simulate the effects of certain urban development strategies. We focus here on the city of Liege which we will compare the different data of energy consumption with those of other cities. The analysis of the impacts of mobility on energy consumption and greenhouse gas was based on seven scenarios established through several surveys and researches. The results showed that the daily mobility of inhabitants has a significant effect on CO 2 emission and energy consumption. It is necessary to act in the long term by encouraging public transport such as vehicles with low energy consumption. The energy consumption in transportation sector can decrease up-to 19%, by reducing between 10% and 20%, of displacement by private car, and an increase up to 60%, both combined displacement by bike (for the distances small than 12 km), and walking (distances small than 1 km).
Introduction
A good energy policy can therefore facilitate the rapid development of a country [1] . Environmental sustainability is the challenge for future long-term success. Today, the transition between renewable and fossil energy is extremely slow, despite several state summits summoned for this purpose [2, 3] . Thus, each country develops its own energy policy by ensuring the availability of energy resources in sufficient quantities corresponding to the needs of its users in terms of quality, efficiency and safety.
Politicians and leaders of poor and emerging countries are slow to develop good energy policies in their countries. As a result, it is difficult to install energy-intensive industries in these countries. For specialists in development, energy consumption is an indicator of the level of development in the dynamism of economy of a country [4e6] .
According to IPCC [7] , one of the main causes of global warming is the emission of greenhouse gases due to energy production. Globally, it has been shown that the transport sector accounts for about 30% of total energy use [10] . As shown in several studies, transport indicates one of the most active areas of the economy in terms of energy use and the spread of greenhouse gases in all countries [11, 12] . It was agreed that vehicle use and economic growth were linked to energy growth from transport and GHG emissions [13] . Until now, the tests did not reflect the reality of consumption under actual conditions of use. The European Transport and Environment Association has agreed on a measurement protocol much closer to reality [15] . To be more efficient, this consumption should integrate the gray energy, ie the energy consumed throughout the life cycle of the vehicle, from manufacture to recycling, not to forget the transport infrastructure, whether road or rail [16] . Mobility in urban areas represents an important part of consumption energy sector. Indeed, developing countries are urbanizing faster than they are industrializing. This urbanization does not follow the path drawn by the northern countries [18] . The development of the automobile has led to a very sharp drop of the urban population density in Western countries [19] .
Nowadays, the transport policies in regions with an important economic growth have several impacts than in industrialized regions. For example in its new policy, China agreed limit the rate of GHG emission encouraging gas car and fuel economy standard in several cities [8] . According to Julien Allaire [20] , the rate of greenhouse gas emissions and energy consumption have steadily increased. Between 1990 and 2007, global CO 2 emissions from transport increased by 45%. This trend is particularly noticeable in developing countries and emerging economies. CO 2 emissions from transport increased sharply between 1990 and 2009, so that for all non-industrialized countries these emissions accounted for almost 7% in 1990 and jumped to nearly 14% in 2009 [21] . The adoption of these methods should bring a decrease of energy consumption till more than of uncontrolled scenario [9] . The utilization of petroleum as a fuel for transport decrease with adaption of renewable energy. For example in Belgium, the energy sector was one of the drivers of economic development in the 19th century. Nevertheless, since this time Belgium is totally staying dependent on foreign countries for its oil, natural gas and coal needs, which account for 72.4% of its primary energy consumption in 2014 (42.3%, 23% and 23%,respectively) [14] . Final energy consumption was split in 2014 mainly between industry (26.6%), transport (21.7%), residential (18.4%) and tertiary (10.6%). Moreover, Belgium's energy-related CO 2 emissions in 2015 amounted to 8.25 tonnes of CO 2 per capita, 87% higher than the world average, and 89% this of France, but, inferior to 8% at this of Germany [14] . According to the International Energy Agency [17] , in 2004, road transport accounted for 16% of CO 2 production, but that data rose to more than 26% in 2010 in most developed countries. According to the World Bank, CO 2 emissions from transport in Belgium, was estimated at 28.63% in 2014.
One of the major objectives of the European Union in its new policy since 1990 is to reduce the production of greenhouse gases by 20%, secondly to promote energy efficiency by 20%, and finally, to produce 20% energy, from renewable energy sources, by 2020. Thus was born the slogan "20-20-20 in 2020" [39] .
This recent decade, some works studied transport energy consumption. In 2008, Poudenx [22] stated that greenhouse gas emissions and energy use are directly related to different transportation policies, while Ogilvie et al. [23] stated that a sustainable transportation policy should facilitate development of the most energy-efficient modes of transport, such as walking, cycling and public transport. The various policies and structures with the aim of modifying the supply of legislative or physical transport were divided into several classes in 2001 by Fujii et al. [24] . In 2004, Cairns et al. [25] showed that good mobility planning will facilitate instilling a policy of reducing the car journey to less than 3 km/ person each day. This result was confirmed in 2007 by Parker et al. [26] . Private vehicles consume nearly five times the energy used by public vehicles, thus encouraging the population to adapt to public transport, reduce the demand for energy andCO 2 emission [27] . Other researches were showed in Refs. [28, 29] . Today, seen, to reduce carbon emissions and the depletion of fossil fuels, it is urgent to find a lasting solution. To do this, it is important to know the energy consumption related to the different current sectors. This project aims to establish a methodology and studied the current trends in energy consumption, as well as the prospects. In addition, its goal is to make multi-year seasonal forecasts of energy consumption by 2030e2050 for a given city typology.
This research was constituted of some mains sections. Indeed, Section 2 describes the methodology used. Section 3 presents the results analysis from the research, section 4 presents analysis and discussion, and Section 5 concludes the paper while giving some outlooks.
Methods

Studied city
Belgium is a federal state comprising three regions: the Walloon Region (Wallonia), the Flemish Region (Flanders) and the Brussels Region (Brussels-Capital). The population is concentrated in the region of Brussels-Capital which occupies a very small part of the territory is 161 km 2 , which is equivalent to 0.5% of the area of Belgium. It has, however, a very high population density of about 7057 inhabitants per km 2 on 1 January 2012, a density nearly 20 times higher than the national average of around 360 inhabitants per km 2 . This difference in the distribution of the population was reflected in the typology of the buildings and the type of neighbourhood encountered. Liege is a French-speaking city in Belgium located in the north-east of the country, in Wallonia, a few kilometres from the Dutch and German borders. It is the capital of the province of Liege and the economic capital of Wallonia. The Liege city is characterized by a continental climate with a hint of oceanic influence. This means that winters are harsh and relatively wet and summers are hot and sunny. Thus, the climate of Liege is particularly favourable for outdoor activities during the five months which include the end of spring, all the summer and the beginning of autumn. In summer, the temperature is close to zero, at the worst times of the day. The beginning of spring is dominated by low temperatures that reflect the freshness of the atmosphere; and the beginning of the summer is quite rainy, with relatively heavy showers in June. The Fig. 1 showed the studied place. This city has 10 sections and 27 neighbourhoods for a little over 600,000 inhabitants in 2010.
Weather data and some hypothesis
The analysis of meteorological data, allowed see, if they have any influence on the choice of mode of transport (example: walking or travelling by bike if the weather is good; driving by car if it rains …). The following data will be taken into consideration: precipitation, maximum, minimum and average temperatures, sunshine duration and maximum wind speed. All these data were available at the weather station of Liege city.
In this study, (i) it is possible to formalize the urban system in a homogeneous representation with regard to the common properties that bring together the various flows that cross the city; (ii) we will not take into account the soft modes of transport, because they do not consume energy. Motorized two-wheelers will also be neglected because they consume little and are little used, as well as train journeys, which are of little concern to us in the city; (iii) it will be considered that the rate of use of a mode of transport for a given population applies to an individual (ex ¼ if the modal share of the bicycle is 5%, it will be considered that an individual will use the bicycle once on 20).
Seasonal energy performance index
The energy performance index (EPI) for (home-work transport), and (home-school transport). It represents the energy used by a person for a home-to-destination trip.
The EPI is calculated as follows:
With the territorial unit (neighbourhood), m: the means of transport used (petrol/diesel car, train, bus, bicycle or on foot),Dmi: the total distance travelled with the means of transport m in district i.
T i : the number of workers/students in the neighbourhood i. f m : consumption factor, 0.61 for a diesel, 0.56 for a petrol and 0.15 for a bus (in kWh/person).
This index is a good tool to compare the consumption according to travel type.
It could be a great asset for our study, but the available data do not allow calculations for trips other than home-work or homestudy. However, these trips do not cover all the journeys made by a person, and given the distribution of motives for travel, a hypothesis reducing the study to these two grounds would not be justified. In this research, instead of calculating the EPI by reason of displacement, we calculated it by type of day (school/non-school opening, Saturday and Sunday/holidays). The summarize of travelled distance is showed on Table 1 .
Simulation tools
We used urban GIS, and statistical processing of transport data to develop a city-wide model. This method combines studies of transport energy consumption and upward and downward approaches (top-down and bottom-up). This makes it possible to obtain data that is as relevant as possible, and to compare different strategies to limit energy consumption in cities.
Selection of variables
A wide range of variables is selected to characterize energy efficiency, using the knowledge listed in the literature (cadastral data, energy criteria). These variables are linked to the CCCP(Continuous Cartography Computer Project) by an urban GIS to specialise them in the urban area of Liege.
Statistical treatment of data
For data processing, a principal component analysis is used: similar criteria are grouped together to characterize energy performance. In all there are six, we will focus on those related to transport namely: (i) the energy performance index for home-work transport; (ii) the energy performance index for house-school transport.
Scenarios
It was noted that between 1991 and 2001, the EPI experienced a 32.3% increase for the distances home-work, and 8.03% for homeschool journeys, for a 3% increase in the number of workers, and 4.3% as frequency of students over this period. On the basis of these results, we are looking for a transport energy consumption of 3955.3 GWh between home and office, and 187.76 GWh between home and school trips (total of 4140 GWh) by 2061.
However, thanks to the improved energy performance of vehicles and despite the increased distances travelled, we can assume that in 2030, consumption will be a little greater than in 2005. The analysis is based on empirical data available at the scale of the building (smaller scale available in Belgium). They come from the national decennial census. This scale also has access to the usual demographic, socio-economic data. It is important to note that this method is specific to the context of the study area. To find the total distance travelled in the year, the number of workers/students is combined with the number of journeys per week (obtained with the number of labour days/school, per year).
Case of distance from home to shop, then between home and leisure pathways
For these types of paths, we do not have any data recorded, so we develop a calculation method based on the standard profiles. Studies have established a number of behaviours, which mainly affect distances and frequency of trips. The means of transport were determined according to assumptions based on the distance travelled, the distance to the nearest bus stop and the bus services available. We take into account local shops, suburban shopping centres and city centres.
Sensibility
The factors relevant to improving the energy efficiency of the neighbourhoods studied were identified. Location testing (in terms of distance to downtown and bus service), vehicle performance, commuting distance and a modal choice on overall energy consumption were tested. 
Results
The analysis of several official reports on demography in Belgium [30e32] , as well as the projections for the next 50 years (until 2060) allowed us to draw the Fig. 2 .
This figure showed the variation of population from 2010 to 2060. It is seen that, in Belgium, the population will increase up to 10.3%, between 2010 and 2030, then, will increase till 6.2%, (2030e2050), and 2.3% (2050e2060). While, in Liege, inhabitant percentage will increase to 16.9% between (2010e2060). Globally in all Wallonia, the population will increase of 18.6% (2010e2060). Based on some results shown in the BELDAM survey [30] , the displacement rate for a given day type will be calculated. The average distance travelled in a day was 13.3 km (average day), 12 km (working days), 11.9 km (school working days), 12.3 km (noschool working days), 12 km (Saturdays), and 14.1 km (Sundays and holidays).
Calculation by transportation mode
Knowing the distance travelled per year and by car, in Wallonia [30] , knowing the number of cars and inhabitants in Wallonia [30e32], we obtained the average distance travelled by car per year. With the distribution of the modes of displacement, one obtains the average distance travelled by mode of transport per year, then per day. All that remains is to apply the rates calculated previously, and we obtain the distance travelled by type of day and by mode of transport. As showed the Table 1 , it was seen that in Liege everyday day, around 72% of distance travelled was by car, the 18% (walking), 8% (Bus), and only 1%, by bike.
Energy performance index and consumption
To evaluate the following index, we considered that 34% of cars use petrol and 64% diesel [30] . In Belgium, there are 253 working days, 180 school days and 56 Saturdays [31] . On the Fig. 3 , it was showed that the Energy performance index of car with diesel motor is higher than bus and oil car. The consumption factor is the weakest for the public transport (eg; bus).
Scenarios analysis
Under base of the works of Jacques Thiers and EricVidalenc [33] , it was carried out several Prospects for 2030e2060, and some scenarios were planned. The purpose of this sub section was of assessed the energy consumption coming from transport.
Passive attendance scenario
For this first scenario, we consider a very simple case, which could serve as a basis for other scenarios, even if it is very unlikely that it will be realized. Indeed, it is assumed that nothing will be done in the future: no political decision, no technological progress. Thus, the evolution of energy consumption continues linearly, following demographic trends.
We considered a population of 651,670 for Liege for the year 2030 and an evolution of þ17% of cars per decade [34] . We had made the same calculations of energy performance index and consumptions as in the previous part. The results are shown in Fig. 4 : This scenario is unrealistic, but it provides a basis for comparing other scenarios and calculations in a meaningful way: we cannot compare consumption calculated for the year 2030 with the data calculated for the year 2010. We have by 2030 and 2050, the data are showed on Table 2 .
Smart attendance scenario
This scenario is similar to the first, except that there is still a change in technology, which leads to lower consumption factors [33] . The emphasis is on "no regrets" policies. This will provide benefits in terms of employment, urban attractiveness and poverty reduction.
Long-term decisions are not made because of the uncertainty of the actors of change. Renewable energies are developing slowly. New green technologies (including vehicles) do not find a sufficient market, so they are not very developed. We stress the "no regrets" policies that allow to obtain benefits in terms of employment, urban attractiveness and poverty reduction. No long-term policy is pursued and local policies evolve with changing circumstances and seek both to cushion shocks and to capitalize on opportunities. First, they suffer the counter-effects of a stagnant economy and an explosion of unemployment or social spending. Then, a "window of opportunity" opens, marked by a remobilization on the climatic or energetic questions and a more favourable economic context. We then conduct policies without regret, but it is too late: they do not prevent a new oil shock of much greater magnitude than the previous ones. For having made the choice to avoid rupture, we then face an even more radical break. This is the scenario that seems the closest to a trend.
The event that seems to be most affecting transport is the oil shock of 2035. In order to evaluate its consequences, we based on the evolution of car sales since 2003, since we are facing a major crisis, where the price of gas has quadrupled in 10 years. We will assume that the trend will be the same for the crisis of 2035.
(i). Consequences of the 2003 oil crisis We compared the number of cars registered in Belgium (corresponding to the number of new cars purchased) at the price of a barrel of oil [35] , the results are shown in Fig. 5a . We weighted the sales by the number of inhabitants of Belgium (in millions) to be sure that a possible increase would not be the consequence of an increase of population. We note that the entire period of onset of crisis (between 2003 and 2006), sales remain stable despite the increase in the price of a barrel. Then, during the peak of 2008, the car sales fall drastically. In the last part of the graph, the price of oil rises again, the increase in car sales slows and finally relapsed as the price of a barrel stabilizes. This phenomenon can be due to the conception of other car type. For simplicity, we assume that the increase in the price of oil and the fall in car sales occur simultaneously.
(ii). Consequences of the oil shock of 2035
In 2035, we are facing an oil shock. The barrel of oil reaches $ 250. It then continues to increase until 2050 to reach $ 350. In order to obtain figures for the prospective sales of cars, we have transcribed the results found in the previous point. For a given increase in the price of oil, we did a thorough analysis of the data and used the associated car sales variation (Fig. 5b ). There is a massive drop in car registration. Of course, the increase in the price of oil is not the only factor playing on the purchase of cars, there is also (mainly) the economic crisis, playing on the purchasing power of consumers. However, as the economic context is similar to that of 2008, we considered that this factor is covered by the fact that we are based on the 2008 ratios, where the economic crisis was taken into account.
(iii). Energy performance index (EPI) and consumption in 2030
In this scenario, we consider that the number of kilometres travelled is the same as in 2010, ie the number of kilometres travelled per inhabitant has decreased, since the population has increased (651,670 inhabitants in Liege).
At the same time, we considered that technological advances have led to a 5% increase in the use of electric cars and a 10% reduction in the energy consumption factors of the various means of transport. Table 3 showed the energy performance index by type of day in 2030, corresponding to this scenario.
Estimating the population of 688,194 inhabitants for Liege [31] . We considered in this scenario that consumption factors are 20% lower than in 2010, and that we have a rate of 15% of electric cars. The energy consumption is shown in Table 4 .
The annual energy consumption was expected to be 82.29 kWh (working days), 58.06 kWh (School working days), 9.735 kWh (no school working days), 5.269 kWh (Saturday), and 6.65 kWh (Sunday and holidays); in 2050. Fig. 6a shows the annual consumption according to the Smart Attendance scenario.
It is noticed from this scenario that in the future, the average consumption of vehicles will decrease. We must not forget why there is a fall in consumption: it is not a question here of political choices, but of changes due to the increase in the price of oil. There has been almost no transitional measure, and the country is in a state of serious crisis. In addition, if people use the car less, public transportation becomes saturated.
By analysing these data, it can be concluded that, this scenario seems interesting. At the level of the facts, it is catastrophic, indeed, the consequences of the oil crisis are very serious. But, unfortunately, it was not anticipated.
Carbon creativity scenario
Carbon creativity is based on the fact that energy and climate actions can only be effective if we put in place appropriate price or tax signals [33] . It is a scenario of industrial policy, based on the bet that the national companies will be able to benefit from a high carbon price. The engine of the scenario is the interest, in the sense of economic rationality. Cities have less room for maneuver, so they invest in local innovation and set up essential networks (eg the electric car), encourage experimentation and support new services and training for new jobs by multiplying public-private partnerships.
Communities must also be involved in risk management, but they do not all have the same capacity to do so, the inequalities between territories significantly grow.
The choice is made to develop electric and bring the share of electric cars to 40% in 2050. The principle of "yield management" is developing in all means of transport. We are in a generalized urban optimization. Tele-working, e-service and teleconferencing are greatly expanded or encouraged.
Some companies go as far as setting up annual travel quotas. This opens up much greater opportunities for homework. We are entering an economy of functionality. In the field of mobility, manufacturers sell their vehicles to private mobility operators who offer monthly packages to their customers. They can then borrow a light electric vehicle and access a wide range of services. This remains, however, reserved for the middle and upper classes of the central cities. In suburban or rural areas, property remains the rule. Because of the inequalities generated, of postponement of the weight of investments on future generations and its success conditioned by the possibility by French companies to take full advantage of the wave of innovation opened by a high carbon price, which, is far for Giving satisfaction, considering of the current economy state, this scenario is socially and politically unstable.
As hypothesis, such as in the previous scenario, we assume that the distances travelled by people have decreased, especially because of the economic crisis. On the other hand, we are witnessing the development of low-consumption technologies and the rise of electricity. We will assume that 10% of cars will be electric in 2030 and 40% in 2050. In parallel, the use of the car is reduced by 10% in 2030 and 40% in 2050. Finally, consumption factors are reduced by 15%.
The above hypotheses allow us to construct the Table 4 . It was seen on Fig. 6b that annual energy consumption will vary during 
New Climate and Energy Infrastructure (NCEI) scenario
New Climate and Energy Infrastructure puts investment in cities at the energy heart and climate transition. As far as transport is concerned, the aim is to invest heavily in public transport infrastructure wherever it is profitable in the long term. The goal is to obtain in each city centre, the objective three thirds: a third of automobiles, a third of public transport and a third of soft modes (electric bike etc.). We are in a Saint Simonian perspective [36] . The construction of new infrastructures leads to accelerate the destruction of many dwellings, to consume a lot of resources and to increase the inequalities between the central and distant suburbs. The assumption is that this will be offset by future savings and a better quality of life is not assured.
However, in this scenario, more attention is paid to social aspects. It is still necessary that new public or private resources can be used to finance investments. We plan to invest massively in new public transport infrastructure alternatives to cars. From 2016, the economic situation is improving and the energy transition is in the foreground. In this scenario, the emphasis is largely on building, however, the urban renaissance also involves transportation. The projects of creation and extension of the networks will born during the decade 2025e2035.
This scenario, besides offering a massive investment strategy, carries the highest ambition for the modernization of cities. This is probably the most obvious path to the post-carbon city. However, there will be urban sprawl and uncontrolled localization dynamics, and below a certain density, public transport infrastructure cannot be made profitable. It also will risk create strong inequalities (see Table 5 ).
In this scenario, let us assume that the number of kilometres travelled per year is identical to that of 2010, and that we will have a reduction of 10% in 2030 and 40% in 2050 of the car use to the benefit of the train/tram/metro, an additional the 5% of extra cars will be electric in 2030, and the 15% in 2050 (see Table 6 ) (see Table 7 ).
Finally, the energy consumption of various factors of vehicle consumption will have decreased by 10% in 2030 and by 20% in 2050. Fig. 7a given some results of annual energy consumption according to this scenario.
Biopolis scenario
Biopolis offers a hybrid of nature, city and countryside [33] . It is the design of a new form of integration between the city and nature, which is more attractive for those who live there and productive of more effective solutions to energy issues and climate risks. The notion that dominates is cycle. We favour the course circuits. This scenario is the antithesis of the classic vision of the postcarbon city. The major event initiating and enabling this scenario is a strong energy decentralization for the benefit of local authorities.
From 2010, the trend of the natural emerges and there is a rejection of the mineral and the artificial. Three arguments are advanced: the equal mobility of urban and sub-urban dwellers, the choice of urbanity, and realism. We want to organize the sustainability of the extended city, the urban campaign, rather than densify the city.
From 2018, there is great political tension in the world, especially with the Middle East. In France, the trend is towards decentralization and priority is given to renewable energies. In 2025, an international agreement aimed at regional self-sufficiency is signed.
Given the low density, the individual vehicles remain very present, fueled for 20% by biofuels and for a smaller part by electricity. Over the 2040e2050 decade, with the development of local energy production, the rise of biochemistry, the importance given to the recovery of waste from biomass, and the use of recyclable materials. We have the basics of a circular economy. Let's assume that the number of kilometres travelled per person per year is the same as in 2010 and 20% of cars will be electric in 2030 and 60% in 2050. Finally, the energy consumption of the various factors of vehicle consumption will have decreased by 15% in 2030 and 30% in 2050.
It was seen on Fig. 7b that annual energy consumption will vary during "the working days", between 383.1 kWh (in 2030) and 826.9 kWh(in 2050). During the "Sundays and holidays"the energy consumption is expected to be 37.27 kWh (in 2030), and 119.7 kWh(2050).
The continuous city
Here, local authorities engage in policies of organization of their space and mobility, to relocate activities and housing to draw a denser, structured and accessible city.
This scenario strongly links local climate policy tools with those of planning. It seeks to control rents and land speculation. Finally, it introduces into the territorial taxation an explicit consideration of locations, which brings closer housing and employment and contains urban sprawl. The traffic in the city centre is limited, the near suburbs become the privileged places of strong density.
This scenario is only possible under three conditions: greater sensitivity to climate risks, institutional reforms and significant transfers to housing, land policies and public transport infrastructure.
Thanks to the compactness of the city, we can effectively reduce greenhouse gas emissions and oil consumption, especially in transport. However, the emphasis is on anticipation, therefore, in the long run, this scenario allows investment and operational savings.
As hypothesis, suppose that the number of kilometres travelled per year will be reduced by 10% in 2030 and by 20% in 2050. For the modal shift, we use the modal split of 2010 of the Brussels Region instead of that of Wallonia. There is also a reduction of 10% in 2030 and 40% in 2050 from the use of the car to the benefit of the train/ tram/metro, 5% of the cars will be electric in 2030 and 15% in 2050. Finally, an energy consumption the various factors of vehicle consumption will decrease by 10% in 2030 and by 20% in 2050 (see Table 8 ).
It was important to notice that during the "school working days", it was expected as consumption energy, 279.6 kWh, and 1065 kWh in 2030 and 2050, respectively. Nevertheless, during the "No school working days", annual consumption energy will 46.87 kWh by 2023, and 178.5 kWh by 2050. Other results were showed on Fig. 8a . 
Urbanity sober
This scenario is based on the belief that a major transformation to deal with the issues are and will be increasingly faced. We follow five tracks:
(i). The necessity: need to make face with the crisis and rising energy prices, save money and limit spending. (ii). Incitement: efforts by public authorities and associations to promote more sober and virtuous consumption practices towards responsible consumption. (iii). Private initiative: offers new products or services that are more robust and more economical, then new business models that respond to emerging demands. (iv). The change in value: militant groups or a larger part of civil society, with more or less impact on all social groups and intermediate bodies.
(v). Social and urban policy: committed to better take into account the social realities of the energy and climate crisis and to offer urban services or urban quality of life that can replace existing modes of market consumption.
Change is the result of all these initiatives. The scenario is structured around two phases: the beginnings of a decomposition of lifestyles and consumption and the development of new services and different forms of savings giving an important place to the local.
We assumed that the number of kilometres travelled per year is reduced by 15% in 2030 and by 30% in 2050, based on the 2010 values. For the modal shift, we use the 2010 modal split of the Brussels instead of that of Wallonia. There is also a reduction of 10% in 2030 and 40% in 2050 from the use of the car to the benefit of the train/tram/metro, 5% of the cars will be electric in 2030 and 15% in 2050. Finally, an energy consumption different factors of vehicle consumption which will have decreased by 10% in 2030 and by 20% in 2050 (see Table 9 ).
It was interesting to notice on Fig. 8b , that, during the "working days", energy consumption will be 419 kWh by 2030, and 1509 kWh by 2050. Table 10 shows the synthesis of annual consumption by type of day, for the years 2010, 2030 and 2050.
Discussion
All these scenarios have as foundation some hypothesis in majority taken in the literature [33e36]. The results showed that the trends were generally the same for all scenarios, regardless of the type of day. For the sake of clarity, we have taken consumption for an average working day, by scenario for the years 2010, 2030 and 2050. Analyzing Fig. 9 , it is seen that only the passive and smart attendance scenarios, which, allowed achieve the lowest consumption levels in2030, and in 2050. The "Passive attendance "is an improbable scenario in its implementation, because we start at the principle according to which, no political decision will be taken at any level.
On the other hand, the "intelligent attendance" scenario seems much more interesting in terms of data. But, if the objective is indeed to reduce them as much as possible, we must be careful: the context is as important as the reductions observed. Indeed, they are due to the biggest oil crisis ever encountered, and the economic and social context which was very catastrophic: the car was not more used as much because of the rise in the price of oil, or, travel needs are still Also present, the inhabitants of suburban areas turn to public transport, which remains a more economical solution. They are then overloaded [38] . The economic consequences of the oil price hike are also very serious: the price of real estate explodes in the city centre and collapses in the suburbs, as people seek to get closer to their workplaces, to reduce their travel bills. Besides, if commuting is necessary, households will cut their home-leisure expenses, which will also have negative consequences for the economy. Summary, the need for travel (and therefore of the car) is still strong, but it becomes complicated for a large part of households to afford this expense. In this scenario, we sacrifice the social and the economy for the ecology: it is not a durable solution. As for the other scenarios, they all have in common the creation of social inequalities. It seems like an inevitable eventuality. However, some scenarios seem less acceptable to us than others. Carbon creativity means relying on future generations to partially get rid of the weight of investments. This is what we want to avoid at all costs. The aim is to improve the situation for the future, to provide a lasting solution and not to postpone the problem. One creates social and political instability, once again in favour of the ecology: it is not a durable solution. The scenario "Biopolis", meanwhile, does not dissociate enough from the use of the car, and oil. The low density of cities means that it is difficult to make public transport profitable, and the car is still very present. The most interesting scenarios are "New Climate and Energy Infrastructure", "Continuous City", and "Urbanity sober". These three scenarios focus on anticipation and strong investment. Their prerequisites are important and have strong consequences, especially on the economy [42e46]. These findings asserted the results found by Marique and Reiter [37] who showed that the sustainable energy is more adapted in Continuous Cities. We think in the long term, and it seems that these scenarios are the most viable. The study of these scenarios makes it possible to show the need to act, and to think of long-term solutions. However, we realize that the most sustainable scenarios require very strong political decisions and a social acceptance that is far from being obvious in the current context. The challenge is to work in the long term but are households willing to make sacrifices for future generations, nothing is really safe. But to make these households understand that delaying the problem will only worsen it (in the manner of the "Smart attendance" scenario, which is in continuity with the functioning of current policy), is an absolute necessity. Objectively, we can rely on the consumptions of "New Climate and Energy Infrastructure", "Continuous City" and "Urbanity sober", which will allow to have a range of possible values. The use of the bike for transport within 12 km, and the bus as public transport will significantly reduce the energy consumption of the transport sector. Indeed, in 2004, Cameron et al. [40] showed that the vehicle consumes about twice as much energy per passenger-km than a bus and almost ten times more than train. It is seen in Fig. 10 , that rich cities such as Hamburg and Brussels, poor cities, such as Seville, north city (Stockholm), southern Europe city (Lisbon), and populated city (Madrid), have different energy consumptions. Indeed, the energy consumption due to transport, per capita, is all greater as a city is considered rich. The energy consumption in the city of Liege is slightly below the average of the 34 cities represented [41] . This means that although this city is not very populated, the energy used in mobility is enormous. 
Conclusion
This research sets up an energy performance index based on the movements of Liege residents according to the type of day for the years 2010, 2030 and 2050. These scenarios, even if some are very utopian, allow to have a precise idea of the sometimes tragic consequences that certain political actions (or non-actions) may have. It is necessary to act in the long term by investing a lot in cities and transport. This work also shows how important the mode of transport is in a city and how serious the consequences can be if they become dysfunctional (explosion of the price of real estate, deterioration of living conditions, decrease in purchasing power …). It is possible to limit oil and other fossil fuel vehicles with the aim of preserving the environment and designing sustainable cities by 2030. This work proposes scenarios that can facilitate this vision of the future. In all the scenarios it is noticed that energy consumption due to transportation is the highest during the working days and the lowest on Saturday.
This research opens the door to a deeper evaluation of the energy consumed in urban transport, reducing the time scale, while trying to maintain the results on a daily basis, which will allow the use of meteorological data., and include a new parameter, but also space. In spite of this, like any other research, this work has limits, in fact, it focuses only on the aspect "energy and transport in the cities. It is important to evaluate in future research, the consumption of energy in the different types of building in this city. 
